An annual whiting event occurs each year in late May to early June in Fayetteville Green Lake, New York. The initiation of this event correlates with exponential growth of the Synechococcus population within the lake. Synechococcus is the dominant (by -4 orders of magnitude) autotrophic organism owing to the oligotrophic condition of the lake. The 6'C values of the dissolved inorganic C range seasonally from -9.5%0 in winter to -6.2%0 in summer due to photosynthetic activity. Calcite precipitates principally in the microenvironment surrounding Synechococcus because of a photosynthetically driven alkalization process and the availability of the cells as nucleation sites. This calcite has a heavier SIC value (>4%0) than does the dissolved inorganic C of the lake water owing to the cells' preferential uptake of '*C. A conceptual model suggests that photosynthetic activity and cell surface chemistry, together with the substantial surface area that arises from the great abundance of micron-sized cells, allow Synechococcus to dominate the annual whiting events in Fayetteville Green Lake.
Whitings or whiting events (Bathurst 1975 ) are known to occur in both lakes (Brunskill 1969; Kelts and Hsu 1978; Weidemann et al. 1985) and tropical to subtropical seas (Morse et al. 1984; Shinn et al. 1989; Robbins and Blackwelder 1992) . However, despite numerous studies, both lacustrine and marine whitings have remained a sedimentological dilemma for more than three decades (Shinn et al. 1989) .
Whitings are responsible for most of the fine-grained (<5 pm) carbonate sediment (carbonate mud or marl) held in suspension in both alkaline lakes and marine carbonate environments. Two current models have been proposed to explain lacustrine whiting events: inorganic precipitation in the water column due to changes in water temperature and ion activities related to seasonal climatic changes (Brunskill 1969; Strong and Eadie 1978) , and bioinduced precipitation due to the removal of CO, by photosynthesis (e.g. Otsuki and Wetzel 1974; Effler et al. 1981 Effler et al. , 1982 Effler 1984) . Our field data, which derive exclusively from an alkaline marl lake, provide evidence for a mechanism where dissolved ions interact directly with the surface of Synechococcus (a unicellular cyanobacterium) to precipitate carbonate minerals.
The small size of each Synechococcus cell (0.5-pm diameter) and its near-spherical morphology results in a very high surFace area-to-volume ratio and a very low Reynolds number (Purcell 1977 ). An envelope of water (lo-500 nm thick; Beveridge 1988) around each of these planktonic cells is dominated by diffusion processes. Despite the relatively small volume of water in this microenvironment, its composition can have a profound influence on the associated chemical processes when the high cell numbers are considered. In a bloom with 10s cells ml-' the total cell surface area available for nucleation of precipitates is -1.57. cm2 liter-'. This area far exceeds the surface area available for other organisms in the water, and it illustrates how Synechococcus can dominate the precipitation process.
This microenvironment has been revealed with pH-or E,-sensitive fluorescent probes in conjunction with confocal laser microscopy (Lawrence and Caldwell 1990; Caldwell et al. 1992) . Additionally, Riebesell et al. (1993) have shown that uptake of inorganic carbon by a photosynthetically active cell leads to strong concentration gradients of CO,, HCO,-, and COs2-in the surrounding milieu. The microenvironment surrounding the cells also has a higher pH due to photosynthesis as well as an elevated calcium level due 2+ to the binding of Ca to the cell surface layer (Thompson and Ferris 1990; Schultze-Lam et al. 1992) ; thus, this microenvironment promotes the precipitation of carbonate.
In laboratory simulations, the exchange of HCO,-/OHacross the Synechococcus cell wall created alkaline conditions that promoted epicellular biomineralization of calcite from lake water (Thompson and Ferris 1990; Schultze-Lam et al. 1992) . No calcification was observed in controls incubated in the dark (Thompson and Ferris 1990) . The Synechococcus strain used in our experiments has a hexagonally symmetrical S-layer as its outermost surface. This S-layer acts as a template for fine-grained calcite precipitation by providing discrete, regularly arranged mineral nucleation sites for the mineralization process (Schultze-Lam et al. 1992) .
In this study we have restricted our use of the terms "whiting" or "whiting event" to the direct precipitation of fine-grained (.<5-pm) CaCO, from the open water column, be it biogenic or abiogenic. We do not consider bottom sediment resuspension that also can cause whiting-like events. We address the mechanisms that initiate the precipitation of CaCO, in the open water column.
Study site
Fayetteville Green Lake is a meromictic, hardwater marl lake in Green Lakes State Park, Fayetteville, New York (Thompson et al. 1990 ). The lake has been well studied (see Thompson et al. 1990 ) and the whiting events and carbonate bioherms have played a key role in the inorganic vs. biogenic calcification debate (Brunskill 1969; Thompson et al. 1990; Thompson and Ferris 1990) . Thompson et al. (1990) first reported the presence of abundant (1 O5 cells ml-l), small (<0.5-pm diameter) Synechococcus (cyanobacterial picoplankton cells) within the lake.
Materials and methods
Field methods--Water samples were taken approximately every 3 weeks during spring and summer 1989 and then approximately every 4 weeks during late fall and winter. All samples were collected around the same time of the day (0800-1000 hours) to minimize variability due to diel fluctuations. Secchi disk readings were obtained and water samples were collected from four depths (0, 4, 8, and 12 m) within the mixolimnion of the lake by means of a Whale Supersub 88 12-V electric pump. Water samples were collected for cyanobacterial cell counts, electron microscopy (EM), and filtration to determine the amount of suspended CaCO, present. The samples for cell counts and EM analyses were collected in presterilized 125-ml jars and fixed with l-2% (vol/vol) glutaraldehyde in the field. Water samples for filtration were collected in clean plastic gallon (-4 liter) jugs. Water for dissolved inorganic C (DIC) and stable isotopic composition were collected with 60-ml disposable syringes and immediately passed through a Whatman GF/F glass microfiber filter into pre-evacuated 130-ml Wheaton bottles by penetrating their silicone stoppers with a 20-gauge syringe needle. All water samples were kept cold in ice chests until they could be transferred to a 4°C cold room in the laboratory.
Seasonal oxygen and temperature profiles were obtained with a Yellow Springs Instrument model 57 dissolved oxygen meter (accuracy to. 1 ppm for oxygen and _+0.5"C for temperature). Seasonal pH data were not collected because pH was previously shown not to vary significantly from 7.9 (Brunskill 1968).
Laboratory methods-Cyanobacterial picoplankton were counted in the laboratory immediately upon return from the field. Subsamples (I or 2 ml) of the fixed lake water were collected with sterile techniques and passed through 0.2-pm Nuclepore black polycarbonate filters. The cell counts were conducted with unstained cells according to the methods of Hobbie et al. (1977) and Waterbury et al. (1979) using a Zeiss Axioskop microscope equipped with neofluar objectives and an epifluorescent illumination system. Suspended crystals of CaCO, (whiting calcite) were collected by vacuum filtration of 3-12 liters of lake water through either a Whatman GF/F glass microfiber filter for isotope analyses or Nylon 66 microfilter (pore size, 0.22 pm) for determination cd suspended CaCO, in mg liter-'. All suspended CaCO, determinations were made by weighing the dried filters from a known filtration volume on an analytical balance before and after an acid (10% HCI) treatment. Visual inspection of filters by light and scanning electron microscopy (SEM) before and after acid treatment revealed that only CaCO, was lost. Diatom frustules and organic matter on the filters appeared unaltered.
. Scanmng electron microscopy observations were routinely performed on the filtered water samples that were air-dried and gold-palladium coated. Diatom numbers in the water column were determined by direct counts of individual diatom cells from SEM micrographs of randomly chosen fields. These samples consisted of diatom cells from a known volume of lake water retained on 0.2-tin-r Nuclepore filters. Transmis,sion electron microscopy (TEM) observations were also conducted on whole mount preparations made from each sampling depth and date. TEM thin sections were also made and observed from whiting material concentrated by centrifugation. Unstained TEM whole mounts and thin-section specimens were analyzed by energy-dispersive X-ray spectroscopy for compositional determination. All TEM specimens were examined with either a Philips EM300 at 60 kV or a Philips EM400T at 100 kV. The EM400T was equipped with a Link LZ-5 light element detector with a Link exL multichannel analyzer interface.
Dissolved inorganic C concentrations and stable isotopic compositions for each water sample were determined as follows. A $;-ml aliquot of the filtered lake water was transferred by syringe to a newly evacuated 130-ml Wheaton bottle, where it was acidified with 0.2 ml of pure phosphoric acid (density 1.93; also used for carbonate isotopic analyses). After the acidified water had equilibrated with the headspace, the headspace gases were drawn into a vacuum line through a series of cold traps. Once the CO, and water were free of nonvolatile constituents (e.g. salts) by passing through a methanol dry ice bath, the CO, was purified from water by passing this mixture through a variable-temperature cold trap (Des Marais 1978) , holding it at -125"C, and then trapping CO, in a -196°C liquid nitrogen trap. The volume of CO, wa,s measured with a mercury manometer and flamesealed in a 6-mm Pyrex tube for isotopic analysis. Carbon isotopic measurements were performed with a Nuclide 6-60 RMS mass spectrometer modified for small-sample analysis ( Hayes et al. 1977) . For the overall procedure, the 95% C.L.s were L0.2%0. All isotopic results are reported as per mil values (relative to the PDB standard) as follows: SJ3C = CuLnplcRtd) -I] X 1,000, where R = 'W2C and Rstd = 0.0112372.
Carbonate samples (gastropods, sediment, and microbialite) for isotopic composition were obtained from samples previously collected by Thompson et al. (1990) . These samples were treated with chlorox, rinsed, and dried before being vacuum-sealed in Y-tubes with pure phosphoric acid. The reactions with the acid were carried out overnight in an oven at 50°C and the CO, was analyzed as noted above.
Finally, two experimental lake simulations were run in the laboratory using 2 liters of filtered sterilized lake water in a 4-liter autoclaved flask with cotton plugs wrapped in gauze. The flasks were inoculated with Synechococcus GL24 (an axenic culture of the isolate from Fayetteville Green Lake; Schuhze-Lam et al. 1992) at -lo5 cells ml-I. These cultures were incubated for 2 months in full-spectrum fluorescent lights that provided an intensity of 1.20X 10'" quanta me2 s-I. DIC was analyzed before and after the simulations for concentration and stable isotope composition. After 2 months, precipitates were collected and analyzed for their stable isotopic composition and compared to the DIC results.
Results and discussion
Water clarity--The onset of the annual whiting event (calcite precipitation in the open water column) in late May to early June was readily apparent due to a dramatic change in water clarity as measured by Secchi disk (Fig. 1) . Between 1 and 22 May 1989, Secchi disk readings showed a decrease in visibility of 10 m (from 18 to 8 m). This dramatic drop in water clarity was due to two major factors: the onset of the annual whiting event with the Synechococcus bloom and (1989) (1990) . Note the two distinct population curves-a shallow-water population represented by the 0-and 4-m curves and a more abundant deeper water population exhibited by the 8-and 12-m curves.
the presence of a spring pollen bloom settling through the upper part of the water column. Light and electron microscopy revealed that other phytoplankton populations were minimal at that time of year. Secchi depth readings decreased until mid-to late July (owing to increased growth of Synechococcus and to a subsequent small diatom bloom). Minimum Secchi depth was 4.5 m in July (Fig. 1) and then began to increase again in early September. Additionally, the onset of the whiting event is apparent due to a change in water color. During the annual whiting event, light reflected from the lake water is greenish-white as compared to the deep bluish-green seen from late October to early May when light can penetrate to great depth.
Cyanobacterial evidence-Direct epifluorescence counts of Synechococcus cells at depths of 0,4,8, and I2 m showed that abundance followed certain depth-related trends throughout the growth season (Fig. 2) . In general, the greatest abundances were found in the lower mixolimnion (8-12 m), where there was a steady increase in abundance from May to September, culminating in a seasonal peak of 2.5X lo5 cells ml-' by 24 September. After September, abundance declined to -7.0X lo4 cells ml-I, a level that remained constant throughout winter.
In contrast to the relatively small range in abundance seen in the lower mixolimnion, abundance in the upper 4 m varied widely as the year progressed (Fig. 2) . There was a rapid increase in abundance from early May (6.5 X 10" cells ml-') to early July (7.0X lo4 cells ml-l); during July-August, the population declined with a second, higher peak (1.5X lo5 cells ml-') occurring in late September. This decline in the surface waters in July-August might have been caused by grazing and by competition for nutrients with a diatom bloom in the upper mixolimnion (i.e. mainly above the thermocline). Interspecific competition is supported by the absence of a decline in the Synechococcus population at the 8- and 12-m depths where diatoms were minimal. Throughout the year, the highest numbers of Synechococcus cells were found as a fairly stable population below the seasonal thermocline at a depth of -6-12 m even during the spring bloom in the surface waters.
The onset of the annual whiting event in the lake was directly related to the spring Synechococcus bloom (Fig. 2) , which was triggered by increased water temperatures and light intensities. This bloom catalyzed the precipitation of calcite in the open water column. Figure 3 shows both the rapid springtime growth of Synechococcus at 4-m depth and the abundance of calcite in the water column. During the rapid Synechococcus growth there was -3.5-4.0 mg of calcite per liter in the water column. This precipitation accounted for most of the calcium depletion observed above the seasonal thermocline at 4-m depth. However, the quantity of calcite in the water column throughout summer was greatest at 8-m depth (Figs. 4, 5) , which corresponded to the highest Synechococcus cell densities (Fig. 2) .
The region of the mixolimnion below the thermocline is fed by calcium-enriched (-400-500 ppm) groundwater (Thompson et al. 1990, unpubl. data) . Therefore, beneath the thermocline the Synechococcus-dominated whiting continues at a lower intensity throughout summer (Fig. 4) . Figure 5 also shows the quantity of acid-insoluble residues for the samples collected at 8-m depth. The increase in the quantity of acid-insoluble residues from 22 May to 24 July reflected the small diatom bloom that lagged behind the earlier Synechococcus bloom. The diatom bloom was confirmed by SEM analysis of the filters.
The diatom population consisted primarily of two different species-one centric Stephanodiscus sp. and one pennate Synedra species. The Stephanodiscus bloom preceded the Synedra bloom, yet both diatom species reached their peak at the same time in mid-August (Fig. 6) . TEM and SEM observations show no calcite associated with the diatoms. (Fig. 2) .
The Synechococcus population (1 Ox cells liter-l) outnumbers the late season diatom population (103-lo4 diatoms liter-') by 4 orders of magnitude (Fig. 6) . No other significant populations 01' phytoplankton were found within the lake. Thus, the precip:tation of calcite is associated specifically and almost exchtsively with populations of Synechococcus.
Isotopic evidence-The concentration of DIC in the lake and its isotopic composition varied greatly throughout the year owing to the effects of DIC uptake mainly by Synechococcu,s (Fig. 7) . Data from nearby wells showed that n Calcite q ISR groundwater entering the mixolimnion had a DIC concentration of 4-5 mM and an isotopic composition of -10%0; these values resembled those of the water column during winter (4 mM, -9.5%0; Fig. 7 ). The increase in the DIC concentration in the mixolimnion between January and March was a result of the thawing ice cover and the initiation of spring turnover of the water column. Subsequently, the DIC concentration declined throughout the spring and summer due to both DIC uptake by the abundant Synechococcus and other minor phytoplankton and to the precipitation of calcite. DIC concentrations decreased from -4 mM in March to 2.5 mM in September (Fig. 7) .
The S13C value of lake water DIC increased due to the selective uptake of l*C for photosynthetic CO, fixation by Synechococcus. The isotopic composition of the DIC within the lake varied from -9.5%0 (winter values) to -6.5%0 (summer values; Fig. 7) .
Carbonates in the lake showed a range of 613C values. Pulmonate gastropod shells on the shallow (cl m) marl benches around the lake were nearly in isotopic equilibrium with the DIC at the time of year when the shell is secreted (spring and summer, -7%0).
However, all other carbonates (bottom sediment, whiting material, and microbial bioherm material; Fig. 8 ) were highly enriched in 13C with respect to isotopic equilibrium with the lake water DIC at all times of the year. The bottom sediments consist predominantly of whiting material from previous annual whiting events and were the most highly enriched carbonate components in the lake (-2 to -1.5%0). Recently precipitated whiting material collected from the water column in 1989 was also enriched in 13C (-2.5 to -2%0).
The microbial bioherm carbonate showed a wide scatter in values (-5 to -2%0).
However, this carbonate was also significantly 13C enriched relative to the DIC values for the water column. All these carbonate components are enriched in 13C due to isotopic fractionation by the activity of Synechococcus.
To illustrate that Synechococcus can achieve isotopic fractionation associated with carbonate precipitation of the type observed in Green Lake, we ran small ecosystem simulations in the laboratory with a Synechococcus isolate (strain GL24; Schultze-Lam et al. 1992 ) from the lake and filter-sterilized lake water. The overall changes in DIC concentration and isotopic composition were similar to natural lake values. The total depletion in the DIC concentration over the 2-month Farquhar et al. 1989 ). The heavy arrow for F, shows that most of the fractionation occurs during HCO,-transport into the cell (Miller and Colman 1980; Miller et al. 1990 ).
experimental period was 1.93 mM (experimental batch 1) and 1.87 mM (experimental batch 2), which was comparable to the seasonal decrease observed in the lake. The enrichment of 13C in the DIC for batches 1 and 2 was 2.8 and 3.3%0, respectively.
Calcite that precipitated within our experimental simulations showed the same significant '"C enrichment as the natural lake sediment and whiting material (Fig. 8) . At the end of the experiment, the calcite was also 3-4%0 heavier than the DIC (e.g. the DIC in batch 1 had a final S13C value of -2.6%~ whereas the S13C of the calcite precipitated from the same batch equaled + 1.1 %oo).
Origin of carbonates in Fayetteville Green Lake-Many diverse chemical and physical factors have combined to allow Synechococcus to dominate the phototroph community in the mixolimnion of the lake. The lake is highly oligotrophic, having very low levels of nitrogen, phosphorus, and iron (Brunskill and Ludlam 1969) . Such conditions especially favor the predominance of picocyanobacteria over algae. The very small size and spherical shape of the Synechococcus cells greatly enhance their nutrient uptake efficiency (Beveridge 1988) and their ability to use low light levels (Kirk 1983) . These characteristics are among those that allow picocyanobacteria to be more efficient scavengers of dilute nutrients than are algae (Fogg 1986; Molot and Brown 1986; Stockner and Antia 1986) .
Synechococcus can play an important role in the precipitation of carbonate in the lake because of the presence of a microenvironment adjacent to the cell surface, which is enhanced by the S-layer outside the cell. This microenvironment promotes carbonate precipitation owing to increased pH and Ca2+ concentrations (Fig. 9) . The S-layer acts as a template for precipitation and, once it has become mineralized, is shed and replaced by a new S-layer (Fig. 10) . This shedding process not only permits the growth and continued survival of the cells, it allows additional calcification in a continuing cycle (Schultze-Lam et al. 1992; Thompson and Beveridglz 1993) . Events associated with the late-spring whitings in the lake provide additional evidence that Synechococcus indeed initiates carbonate precipitation. Abiotic precipitation is initiated typically by fluctuations in temperature, changes in concentrations of species (due to evaporation, mixing, etc.), or by the inlroduction of nonbiological nucleation sites. However, no changes in bulk water chemistry (pH relatively constant at 7.9) have been observed at the onset of whiting events (e.g. Brunskill 1969; Morse et al. 1984) . Therefore, conditions favoring precipitation perhaps occurred first in chemical microenvironments that were not at equilibrium with the bulk lake water, as illustrated by the carbonate and DIC isoto~pic values (see below; also Figs. 7-9).
Furthermore, from spring to midsummer a strong correlation was observed between populations of Synechococcus and zones within the lake having the densest whitings (Figs.  2-4) . The onset of the annual whiting event was directly associated with the spring S.ynechococcus bloom. This was particularly notable at 4-m depth (Fig. 3) . Pollen grains also were abundant in the water at this time, but they had no associated calcite, suggesting that passive nucleation sites alone were insufficient to initiate precipitation. Also, diatoms observed throughout spring and summer had no carbonate associated with their cells. During summer, the greatest Synechocorcus concentration was consistently at depths below the thermocline (e.g. 8 m ; Fig. 2) ; the whiting calcite was also consistently most abundant at these depths (Fig. 4) and WBS associated with Synechococcus cells.
The late August-September (fall) S.ynechococcus bloom does not coincide with a substantial calcite precipitation event, perhaps because declining temperatures caused calcite solubility to increase, thus preventing significant carbonate precipitation even within the microenvironment of the cells. Also, gypsum precipitation occurred during fall, hut only next to the Synrchococcus cells, suggesting again that Ca" enrichments in the Slayer enhanced precipitation of Cacontaining minerals, and that the bulk water chemistry had become less favorable for calcite precipitation.
Additional evidence for a role by Symchococcus in carbonate precipitation is given by the isotopic observations. As Synechococcus bloomed during spring and summer (March-August), the selective photosynthetic removal of 12C increased the surface-water 6°C value by f3.0700 (Fig. 7) . Additionally, the calcite that precipitated in the water column was significantly enriched (+4!%) relative to the value expected at equilibrium. This isotopic enrichment probably occurred next to the cell walls, where photosynthetic uptake of 12C created a "C-enriched pool of DIC (Fig. 9) . As discussed earlier, this microenvironment strongly favored carbonate precipitation owing to its elevated pH and Ca2' concentrations.
Thus, changes in temperature alone (suggested by Brunskill 1969) apparently do not trigger the onset of the whiting event, because the precipitation is initiated next to only active Synechococau cells and not other cells or suspended debris. The need for active cells was shown previously using laboratory simulation with Sprchococrus cells incubated in the dark and cell wall "ghost" preparations (Thompson and Ferris 1990) . Furthermore, the disequilibrium between the isotopic composition of calcite vs. DIG shows that biological processes played a role.
Synechooocrus also exhibits a benthic growth habit where cells colonize virtually every surface in the lake, including the charophytes (Thompson et al. 1990; Thompson unpubl. data) . In its benthic mode Synechococcus secretes abundant extracellular material besides the S-layer (see Thompson et al. 1990 , Figure 7) ; an observation confirmed by laboratory studies of Synechococcus cultures (Schultze-Lam unpubl. data). Perhaps this material causes the carbonate to precipitate at sites typically somewhat removed from the cell surface and, as a result, this carbonate is not as highly enriched in '?C as is the whiting material. Therefore, isotopic values for the microbial bioherm are scattered (-5 to -2%; Fig.  8 ) but still show a signilicant enrichment over the isotopic composition of the DIC.
Other lucustrine cases-Patterns of calcite precipitation similar to those found in Fayetteville Green Lake have been noted in other aquatic environments. However, a role for microorganisms in calcite formation was not considered. Hollander and McKenzie (199 1) found a similar 3-4%0 enrichment of 13C in the calcite precipitated in Lake Greifen, Switzerland. They suggested that such enrichment may be due to a kinetic effect that can occur under controlled laboratory conditions of slow precipitation (Turner 1982) . However, we suggest that a microbially mediated process is more likely because many whiting events occur almost instantaneously without coincident changes in bulk water chemistry. Furthermore, where documented, the whitings appear closely associated with populations of Synechococcus (e.g. this work). Marls from many different alkaline lakes have previously been recognized to be enriched in 13C (Turner et al. 1983; Turner and Fritz 1983) . Strong and Eadie's (1978) satellite observations of whiting events in the Great Lakes revealed that the maximum extent of CaCO, precipitation was deeper than the surface layer but < 10-m depth. Similarly, in Fayetteville Green Lake the zone of maximum calcite load was found at a depth of 8 m, where Synechococcus cells were most abundant.
Marine whitings-The present lines of evidence might also provide an explanation for marine whitings. The major difference between lacustrine and marine whiting carbonates is the composition of the precipitated carbonate phase (i.e. the absence of pure calcite in the marine environment due to the Mg : Ca ratio of -5; Muller et al. 1972) . Previous studies (e.g. Shinn et al. 1989; Broecker and Takahashi 1966; Morse et al. 1984) have shown that strict chemical precipitation would be inadequate to allow these whitings to form and be sustained based on present chemical data. These studies were unable to measure any chemical shifts between whitings and the surrounding clear blue waters in the Bahamas. This again suggests that, as in lacustrine whitings, chemical shifts are on a microscale that cannot be currently measured. Robbins and Blackwelder (1992) have suggested that picoplankton and cellular breakdown components play an important role in the initiation of marine whitings; however, our data suggest that active cell metabolism (photosynthesis) is important (Thompson and Ferris 1990) . Additionally, Shinn et al. (1989) have shown that modern marine whiting material is enriched in V. Therefore, as suggested earlier, a common mechanism might create marine and lacustrine whitings. Finally, we have recently conducted Synechococcus cell counts inside and outside marine whitings west of Andros Island, Bahamas, and found that Synechococcus is more abundant (by -6,OOO-12,000 cells ml-l) within many marine whitings than in the surrounding clear water, ranging from lo7 to lo4 cells ml-' in Bahama Banks waters (J. B. Thompson unpubl. obs.). The total increases in cell number within these whitings are significant, suggesting that Synechococcus activity is higher within the whitings.
It is hoped that future studies will elucidate the mechanisms underlying massive carbonate precipitation in the more complex marine system. An important role for microorganisms is likely in this process, which has contributed to the extensive carbonate platforms of modern and ancient oceans.
